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Specification 

I Safma' '"^^""'^''^ ^ °f Compression for Removhg Reslduaf Stress 

removing residual stress wherein in the case that a fr^e- 
forged rtem of heat-treated aluminum alloy is cotd-compressed between the upper and toweTdias 

lubricant IS placed between the forged item and the diea, and then the cold-compreaalon is ^med 

3 DotaUed Doscription Of The InvenUon 
(Industrfal Field of Use) 

* ^'^^'^ of removing residual stress from heat-tfeated aiumlnum alloy 
free-forged items by oold. compression plastic deformation. ^uinmum aiioy 

(Prior Art) 

Free-forged aluminum alloy products are used after they have been heat-treated by such 

^? soluflon-freatment or tempering. Therefore, there Is a danger that residual stress will 

ff^MK r ^"^f"^ P"'^"'^; dimensional variation. fatSue 

strength loss, stress corrosion Cfaddng. and the like. 

Therefore, conventionally, heat-treated aluminum alloy free-forged products are cold 
Sall^sr'^^'^'^''^"^'*^'^^^^ ^ -5% between an upper and lowerdle. to remove the 
(Problems To Be Solved By The Invention) 

oiu°"t '"^r^^sf d„ Size Of modem piesses. and the development cf alloys. 7050 aluminum 
f ' repr^entative. that have little susceptibility to tempering, ft has be wme possible to 

I? f i^l T^' L"u However, there is a problem in that when removing residual strees 

from a large forged Item usmg press dies to plastically deform the Item with oold oompresslbn the 
towemg of the strength in the central region of the material Is significant. The inveTors plrfomSd 
the fbllowing expenments to check the affects of cold-compression plastic defbmiaUon on Ktt^ 



thtt^ial^h^^ ^ """^ Although these arc "correct", they may not be 



0. 
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First, a 7050 alumJnum alloy ingot was forged, as shown Ih Fios 3 d intn ^ 1 
Wo* (t=f90mm w=230mmj--30mm). Next de block 

Hem the thickness t of the block 1 was deformed hv I9t 3% anw -n^-.^ 
U^ecemralmalon of the Side Of block ma.r^^^^^^ 

A2Sf°"tf ^ '"^"^f""^ for ~0-: 1% defbnnaton. Ij^ 5% 

AtercoW.compresslon,itwa8agodat120Cfar24hr.-177Cfor6hr 

According to Fjfl 1, in the cases of 1%, 3%, and 5% Diastic defarmatiAn fh« 

2?S^im «uSi^t?K?nTMK' ™ r'fl'^" °f Also. there'Sas Ies3 Zrmation 

S uT. ? ^ ^^^^ 2. This is because due to the fndlon between me 

block 1 and thB dies, at the top and bottom surfaces 2 and 3 that cortactZ dtes It is Sl^^^^ 
deformatfon to occur in a direction perpendicular to the compression creattn^^^^^ 

direction radial from the compression than for the top sur^ce 

the Wo^^l^h^^nt tt^ «h1o^^ proof st««i ay. are lower toward the central mglon of 
the block 1 than at Its edges. The primary cause of this is that when the block 1 is temDer«d the 
^^^i^n^. Bl^ertoward the central region of the block than at the edgls^ Sg'a 
strength differential. The second cause is that as stated above, the degree of deformatfon toward 
Jo center Is greater than at the top and bottom^ edges that are In contact with the iresf djeTSS 

TfrlTJt^^^^^ precipitation, causing a ruSonTs^nglh 

h«J^.f 5*^* albrenientioned experiments. If was determined that In the ease that after 
heawreabng. free^forged aluminum alloy is plastically deformed by coId-compres^<m to rer^ove 

dS^^SfnT. * ?kTJS? • differBnce causes a large 

dfl^ntra in the etrength d Atnbution In the direction of the thickness of the forged item 
Additionally because there is litUe plastic defpmiation at the top and bottom surfaces of'lhe forged 
Item, there Is Insufficient residual stress reduction «t me lorgea 

°^ 'Tia^''!} 't}"" P'?^'^^ ^ compression in order to remove 

^te J ihP nl^^fHl"^ f ^^'B^^ ^^"^ ^ the surfaces that 

strengS uniformly removing residual stress, which makes for an item having superior 

(Means To Solve The Problems) 

* J^ll'il'f' taken to solve these problems, are characterized such that In the case that 
d-free^forged item of heat-treated aluminum alloy Is cold-compressed behveen the upper and lower 
dies of a press so as to plastically deform it in orter to remove residual stress from the forged item 
H'i^^r^^ " ^ ^'^"^ '^"^ '"^ ^ "'^ colicoSi^ressS?ir * 

(Operation) 

A lubricant between the forged item and the dies reduces the friction between the forged item 
and the dies m the case of cold compression. This In turn reduces the force that prevents 
defonnation perpendtej^to compression in the region where the item contacts the dies, and 
nsducea the amount of differential In defonnation between the surface and central region of the 
rorgea item. ^ 
(Embodiments) 

Under the same conditions mentioned above, a heat-treated 7050 aluminum aEoy block 1 was 
cold oompressfon between an upper die 4 and a lower die 5, plastically deforming it by 3%. In this 
case, as a li^rfcant. a Teton aheet was placed between the block 1 and the press dies, and 
ttiB^atter mld-Gompression was used to plastically defbrm in order to remove residual stress. Fig 
1 . (—A-.) Indicates, as before, the deformation state of the edge of block 1 toward its central 



' The figure mentions an oil lubricant 
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defonnallon between the surface of me bleok and ^.^"aT^SS^ was 

«,offlW^ ««L . r * sirengm too bacomes uniform through the thickness of the 

Afthough in the embodlmeni above, Teflon sheeting was used as a lubricant Diastic fllms «jeh 
lubtontssuch as boron nitride powder or mol S Sde ^ Je? 

=Ss ihetfnn'l^^^^^^^ P°*"^">" """"O" -nay also be^^ • 

lis eertra^^ote?fr,?hTi.l*?™."^^ «» «^ '^Slon of the aluminum alloy blodc and 

as ^ So™ ftl '^*\'!'Meart» and perfbmilng the same cold compress^o^ 

as atove, along side data for the ease in which no lubricant Is used. 



Amount of 
defbmiatio 
n 

0 


Lubricant 


Surface 


region 


Central region 


Strength 
differences 


Residual 
stress 


09 

kg&him 
2 

58.3 


oy 

kgf/mm 
2 

55.4 


OS 

kgf/mm 
2 

55.8 


oy 

kgfTmm 
2 

52.7 


OS 

kgf/mm 
2 

2.5 


oy 

kgf/mm 
2 

2.7 


(kgf/mm 
2) 

11.B 


3% 
3% 


None 
Teflon 
_ sheeting 


67.7 
58.4 


53.9 
51.3 


52.4 
54.6 


47,1 
48,5 


5.3 
1.8 


6.8 
2.8 


3.0 
2.8 


Nylon 
sheeting 


56. a 


51.6 


53.8 


47.9 


3.0' 


3.6 


3.5 


rBonon 
nitride 
.powder 


56.3 


50.B 


53.8 


47.8 


2.5 


3.0 


3.3 


Molybdanu 
m disulfide 
powder 


56,5 


51.5 


54.2 


4a.6 


2.3 


2,9 


2.7 




CoiloidaJ 
.graphite oil 
Graphite oil 


56.1 
56.9 


50.5 
50.8 


54,4 


47,9 


17 


2.6 


2.9 










1 -to.! 


1.8 


2.7 


2.6 



Aeeordhg to the data above, compared to the case fn which no lubricant Is used, in the case of 

«du^ rifuS!?™ £ ?n 1,^ K^**™"?' *' '•fl'"" ^n*™' »9too was 

reduced, resulting in an item having superior strength. 

(Benefits of the Invention) 

According to the invention, In the case that residual stress is removed from a free-forged heat 
processed aluminum altoy. a lubricant Is placed between the forged item and the dies. Thus the 
oirrerential in defonnation in the direction perpendicular to the thickness of the foroed item is 
reduced, the strength distribution is uniform, and furthermore removal of reskfual stress is 
uniform— making K possible to obtain a product having superior strenalh 
4. Brief Description of the Drawings 

Rg 1 shows the deformed states of aluminum alloy blocks. Fig 2 shows strength and elongation for 
the same. Rgs 3 and 4 are perspective views of the same. Fig 5 shows the oompressed state of 
the same. 

Appficant Kobe Steel Ltd. 

Representative Patent Attorney: Toshio Yasuda 
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